The fecal occult blood test (FOBT) is a screening tool for hematochezia. This study aims to summarize the clinical features associated with a positive FOBT in neonates and to explore some clues for the underlying causes. Combination with other clinical information, identifying the possible etiology is more likely and could be useful for choosing an effective therapeutic strategy. The medical records of 282 neonates with positive FOBTs from January 1 to July 31, 2016, were collected and retrospectively analyzed. The total incidence rate of FOBT positivity in neonates was 6.2%. Among these patients, 71 (25.2%) neonates had false-positive FOBTs, whereas 211 (74.8%) neonates had intraintestinal sources of hematochezia. Necrotizing enterocolitis (NEC, 20.9%), structural abnormalities of gastrointestinal tract (SAGT, 12.4%), and suspected food allergy (sFA, 10.6%) were the most common causes of neonatal hematochezia. It indicated that FOBT-positive neonates with NEC were more likely to suffer due to a younger gestational age, lower birth weight, and lower weight on admission than the neonates with other conditions. The proportions of neonates with bloody stool (90.0%) and diarrhea (63.3%) in the sFA group were markedly higher than those in the other groups. However, in the SAGT group, emesis (94.3%) and abdominal distension (80.0%) were evidently higher, usually accompanied by a relatively poor response (60.0%) and weakened bowel sounds (48.6%). Furthermore, the higher incidences of poor response (72.1%), abdominal distension (71.2%), bloody stools (64.4%), and weakened bowel sounds (62.7%) were observed in the NEC group. Due to the complicated etiology associated with a positive FOBT, the analyzed indexes were combined with other clinical features to identify the likely causes of neonatal hematochezia. Because NEC, sFA and SAGT show similar clinical manifestations and can occasionally transform into each other, close and frequent observation is crucial for timely intervention to achieve a better prognosis. Although it failed to provide an early warning of severe disease through FOBT, and the early intervention for FOBT might not decrease NEC, sFA, structural bowel injuries, or any other complications, newborn FOBT positive reminds medical staff to be alert to the related diseases including NEC, SAGT and sFA, by closer observation and follow-up.
neonates is scarce due to the particularity of the newborn population. It was reported that the positivity rate of FOBT in neonates is approximately 8.5% 4 , but it could be higher in extremely low birth weight neonates. Abramo et al. reported that the incidence rate of occult blood was 10% among neonates that were <1,800 g at birth 5 .
This study aimed to retrospectively analyze the characteristics associated with positive FOBTs in neonates admitted to our neonatal intensive care unit (NICU) by comparing the clinical characteristics and final diagnoses and attempting to explore some clues for improving efficiency of diagnosis and treatment.
Results
Underlying causes of positive FOBTs in neonates. Among the 282 neonates with positive FOBTs, 71 neonates (25.2%) had false-positive results, while the remaining 211 neonates (74.8%) had intraintestinal sources of bleeding. NEC, structural abnormalities of the gastrointestinal tract (SAGT) and suspected food allergy (sFA) were the most common causes of neonatal hematochezia and occurred in 59 neonates (20.9%), 35 neonates (12.4%), and 30 neonates (10.6%), respectively. Other etiologies included acute stress ulceration in 29 neonates (10.3%), acute diarrhea in 27 neonates (9.6%), postsurgical intestinal bleeding in 12 neonates (4.3%), functional abdominal distension in 10 neonates (3.5%), feeding intolerance in eight neonates (2.8%), and meconium constipation in one neonate (0.4%). False-positive FOBT results were caused by fecal contamination (often caused by pseudomenstruation and hematuresis) or other extraintestinal sources, including swallowed maternal blood (ingested during delivery or from split nipples) and neonatal blood (catheter-induced trauma to the upper airway or gastric mucosa).
Clinical characteristics of neonates with NEC, SAGT and sFA. The clinical information for the first three etiologies in FOBT-positive neonates was analyzed. First, focus was directed to the onset time of the positive FOBT, and it was found that the median (IQR) onset times for NEC (7 [3, 13] days, data are presented as Median [P25, P75]), SAGT (10 [4, 17] days), and sFA (13 [8.75, 20 .25] days) were significantly different (X 2 = 9.318, P = 0.009). The gestational age (GA) (258 ± 20) days and birth weight (BW) (2.70 ± 0.64) kg in the SAGT group were significantly lower than those in the NEC group (272 ± 13) days and (3.17 ± 0.54) kg respectively, whereas in the sFA group (270 ± 12) days and (3.19 ± 0.42) kg, respectively (P < 0.001). In addition, the weight on admission in the NEC group (2.60 ± 0.64) kg was obviously lower than those in the SAGT and sFA groups (3.00 ± 0.53) kg and (3.13 ± 0.45) kg, respectively (P < 0.001, Table 1 ). The other observed items included gender, eutocia, gravity and parity, which did not have statistical differences (P > 0.05). These data indicated that neonates with NEC with positive FOBTs were more likely to suffer from a younger GA, lower BW, and lower weight on admission than those with other conditions. Risk factors and accompanying symptoms of neonates with NEC, SAGT and sFA. The differences in the delayed excretion of meconium, feeding patterns and the utilization of antibiotics among the three groups were statistically significant in terms of risk factors (P < 0.01). The proportion of neonates with delayed excretion of the meconium in the SAGT group was 37.1%, which was significantly higher than those in the other two groups (P < 0.01).The proportion of formula feeding and the administration of antibiotics before a positive FOBT in the NEC group was 61.0% and 52.5%, respectively, which were significantly higher than those in the other two groups (P < 0.01). The rates of accompanying symptoms, emesis, abdominal distension, diarrhea, bloody stool, weakened bowel sounds and poor response were all statistically significant among the three groups (P < 0.05). Furthermore, the proportions of neonates with bloody stool (90.0%) and diarrhea (63.3%) in the sFA group were markedly higher than those in the other groups. The rates of emesis (94.3%) and abdominal distension (80.0%) were evidently higher in the SAGT group than in the other groups, and these symptoms were accompanied by a relatively poor response (60.0%) and weakened bowel sounds (48.6%). Furthermore, high incidence rates of weakened bowel sounds (62.7%), poor response (72.1%), abdominal distension (71.2%), and bloody stool (64.4%) were observed in the NEC group (Table 2) . in the NEC (55.4%) and SAGT (57.1%) groups (P < 0.001). Furthermore, the percentage of eosinophils in the NEC (7.6%) and sFA (7.8%) groups was obviously higher than those in SAGT group (4.1%) (P < 0.05). The platelet count in the sFA group was significantly elevated, reaching an average of 393 × 10 9 /L (P < 0.05), whereas the counts in the other two groups were 316 × 10 9 /L and 311 × 10 9 /L, respectively. The FOBTs in sFA neonates often showed elevated eosinophils and/or platelets in the CBC, which usually indicates vasculitis related to an allergic reaction, while the neonates in the NEC and SAGT groups often showed increased levels of neutrophils. Abdominal radiography revealed that the neonates in the NEC group mainly had a severe degree of bleeding (47.4%), whereas those in the sFA group (48.1%, moderate degree) appeared to have a slightly more severe degree than those in the SAGT group (44.1%, mild degree) ( Tables 2 and 3 ).
Prognosis of the neonates with positive FOBTs due to NEC, SAGT and sFA. The prognoses
included improvement and withdrawal from therapy. Improvement was defined as a marked alleviation. The neonates that showed improvement were further classified into the medical treatment group or the surgical & medical treatment group. In contrast, withdrawal from therapy was defined as discharged from the hospital too early because of serious complications or economic limitation. It is clear that improvement was the main outcome in all three groups, accounting for more than 60.0% of the total. A total of 86.7% of sFA neonates, 57.6% of NEC neonates and 14.3% of SAGT neonates received medical treatment, whereas 68.6% of SAGT neonates and 6.8% of NEC neonates underwent surgical treatment. Moreover, 35.5% of NEC neonates, 17.1% of SAGT neonates, and 13.3% of sFA neonates were withdrawn from therapy. The differences among these groups were statistically significant (X 2 = 6.861, P = 0.032; Table 2 ). In the NEC group, 21 neonates were withdrawn from therapy due to serious complications, including homeostasis disturbances, post-NEC intestinal stricture, and short bowel syndrome. However, 4 patients in the sFA group were discharged Clinical characteristics NEC (%) SAGT (%) sFA (%) F(χ 2 ) P
Risk Factors
Gestational diabetes mellitus 11.9 (7/59) 5. www.nature.com/scientificreports www.nature.com/scientificreports/ before complete enteral feeding due to economic factors or emotional factors such as unbearable being separated from their babies.
Values of the clinical characteristics in the diagnosis differentiation of NEC, SAGT and sFA.
To determine whether the statistically significant indexes in Table 2 were valuable for the differential diagnosis, the indexes were subjected to a multivariate analysis, including a discriminant analysis and multiple logistic regression analysis (Tables 2 and 4 ). The discriminant analysis indicated a correlation of BW (X 1 ), delayed excretion of the meconium (X 2 ), emesis (X 3 ), diarrhea (X 4 ), bloody stools (X 5 ) and poor response (
The maximum Y value was chosen, and the predicted probability was 71.0%, whereas the multivariate logistic regression analysis revealed a correlation of onset time (X 1 ), antibiotic application, emesis (X 2 ), and diarrhea (X 3 ) with NEC (Y NEC = −2.634 − 0.105X 1 − 1.862X 2 + 2.091X 3 ) and SAGT (Y SAGT = −10.654 − 0.125X 1 − 2.59X 2 + 2.651X 3 ) when considering the sFA group as a reference. The maximum probability was chosen, and the predicted probability was 77.4%. The difference in the overall predicted probability between the two models was not statistically significant (X 2 = 1.348, P = 0.246; Table 4 ).
Discussion
Hematochezia is common during the neonatal period, manifesting as visible bloody stool or positive FOBT. The etiology is complicated, including the diseases of digestive tract and/or the complications of many critical disorders. Early identification of the cause is the key to its successful management. Due to the small amount of blood, some patients do not present visible blood in the stool, and a FOBT is needed to reduce misdiagnoses. Therefore, this study retrospectively analyzed the clinical characteristics of FOBT-positive neonates, providing a clinical experience for the etiological diagnoses and appropriate effective treatments. Our department was the largest NICU in western China. A total of 5,330 neonates were admitted from January 1 to July 31, 2016, including 1183 premature neonates and 4147 full-terms. Most of them suffered from perinatal asphyxia, severe pneumonia, sepsis, severe hemolysis and jaundice at or beyond the threshold level for exchange transfusion, prematurity and other critical illnesses. As a tertiary hospital affiliated of the medical university and the center of neonatal emergency-transportation system in western China, many neonates admitted to our department are transferred from out-of-town areas and are separated from their family, resulting in a relatively low rate of breastfeeding, approximately 30%, which is also a risk factor for intestinal damage, reflected as FOBT positivity. Therefore, www.nature.com/scientificreports www.nature.com/scientificreports/ the FOBT is employed as a routine screening test in our NICU. A number of conditions are related with positive FOBTs among neonates. Systemic problems related to hemorrhagic diseases or coagulopathy cause positive FOBTs. However, none of these disorders were found in this study, indicating that the incidence rate of occult hematochezia caused by systemic disorders in neonates is not as high as previously reported (1-2%) 6 . The present data revealed that the total incidence rate of FOBT positivity was 6.2%, and interestingly, 25.2% (71/282) of positive FOBTs in neonates were false-positives, which were caused by contaminated feces or the swallowing of maternal or neonatal blood. Furthermore, 74.8% (211/282) of bleeding was due to intestinal sources of hematochezia. Among these, NEC, SAGT and sFA were the most common causes, comprising 20.9%, 12.4% and 10.6% of the total positive FOBTs, respectively.
Score Finding

Degree of Severity
The onset time of NEC was inversely correlated with GA. NEC can present within the first week of life in term infants, whereas in preterm infants, it usually appears after commencement of feeds and occurs after the 2 nd and 3 rd weeks of life 7 . In this study, the average onset time of NEC in FOBT-positive infants was on the 7 th day after birth, which was probably related to preterm delivery in 35weeks of the 59 neonates with NEC. Furthermore, it was indicated that a neonate with a young GA, low rate of breastfeeding, exposure to antibiotics, and symptoms such as abdominal distention, weakened bowel sounds, or poor response should be considered to occurrence of NEC. In this situation, a CBC and abdominal radiography must be immediately carried out. Indeed, hematological abnormalities usually convey certain important and valuable prognostic information. Maheshwari et al. 8 noted that increased neutrophil counts comprise an appropriate inflammatory response in patients with mild-moderately severe disease. In contrast, neutropenia can be seen in severe NEC. The present data showed that neonates in the NEC group had elevated neutrophil counts, which may be related with 64.4% [38/59] neonates in the NEC group diagnosed as stage I NEC. Additionally, Yang Y et al. 9 reported that, neutrophil/lymphocyte (N/L) ratio could be good marker for the early diagnosis of NEC, distinguishing the severity. The data showed that neonates in the NEC group had elevated (N/L) ratio. Due to the small sample of NEC neonates, sub-group analysis was not performed, and the data was too limited to distinguish the severity. Large sample, multi-center studies are needed.
Traditionally, abdominal radiography has also played a crucial role in the diagnosis of NEC. Neonates with NEC often have severe intestinal lesions, which mainly reveal focal distention, fixed bowel loops, pneumatosis and portal venous gas on abdominal radiography. Furthermore, some of the neonates with NEC in this study presented with typical signs, categorized as moderate and severe intestinal injuries, on abdominal radiography (Tables 2 and 3 ). Wang et al. 10 revealed that the recovery rate of NEC was 70-80%, whereas the improvement rate of NEC was 64.4% (38/59) in this study. Among the studied neonates, 34 received conservative treatment, four underwent surgery due to perforation or complete obstruction, and 21 were withdrawn from therapy due to serious complications, including homeostasis disturbances, post-NEC intestinal strictures, and short bowel syndrome. Gaudin et al. 11 investigated the risk factors related to post-NEC intestinal stricture and indicated that the presence of peritonitis signs and thrombopenia were risk factors. Zhang et al. 12 indicated that a late-onset time was a predictor of post-NEC intestinal stricture and that the elevation of white blood cells (WBCs) and procalcitonin (PCT) were observed in neonates with post-NEC intestinal stricture.
Previous studies have suggested that the incidence of sFA obviously increases after NEC or gastrointestinal tract surgery 13, 14 . The symptoms of sFA are diverse and mainly occur from the 2 nd to 4 th week after contact with a food protein or other suspected substances. It was found that the onset time of a positive FOBT caused by sFA mostly appeared on the 2 nd week of life, and 93.3% (28/30) of the infants with GA more than 35 weeks. In addition, the incidence rates of gross bloody stools and diarrhea were 90.0% and 63.3%, respectively. Elevated eosinophil and platelet counts in the CBC appeared to indicate an allergic disorder, which was consistent with Feuille's findings 15 . The signs on abdominal radiography mainly show diffuse distention and the separation or focal thickening of bowel loops. However, Kawai M et al. 16 reported that the signs on abdominal radiography in infants with sFA presented recurrent episodes of pneumatosis-like NEC, which was difficult to differentiate from NEC. Similar radiographic signs were found in six neonates in this study. In terms of treatment, 86.7% (26/30) of the neonates improved after food avoidance, as observed in the present study. Suda et al. 17 reported that some cases of sFA subsequently developed into NEC. They suggested that a persistent decrease in the platelet count may indicate this tendency. Therefore, dynamic follow-up of CBC should be performed to monitor progress timely.
Based on the present statistical data, it was found that Hirschsprung disease, intestinal stricture and intestinal atresia were frequent malformations in FOBT-positive neonates in the SAGT group, and the proportions were 37.1% (13/35), 14.3% (5/35), and 14.3% (5/35), respectively. Gosain et al. 18 reported that neonates with Hirschsprung disease were at high risk for Hirschsprung-associated enterocolitis. The present data agree with this, as 13 neonates with positive FOBTs who had NEC-like clinical characteristics were finally confirmed to suffer from SAGT. Among these neonates, eight had Hirschsprung disease, four had intestinal stricture, and one had intestinal atresia. Of the SAGT neonates with positive FOBTs, 37.1% (13/35) had delayed excretion of the meconium, whereas 94.3% (33/35) had emesis. The CBC revealed elevated neutrophil counts, indicating the possibility of secondary infection. Since enteral structural abnormalities vary, different abdominal imaging characteristics contribute to diagnosis differentiation. Surgery can provide a definitive diagnosis but may not be suitable for repairing the intestinal structural abnormalities. Given this invasive approach, which may lead to postoperative complications such as adhesive intestinal obstruction, NEC and allergic enteritis, a precise grasp of the surgical opportunity is vital. In the present study, 68.6% (24/35) of the neonates with enteral structural abnormalities and positive FOBTs underwent surgery. Among these neonates, 5 neonates were readmitted for complications, 3 neonates had adhesive intestinal obstructions and two presented NEC within one year after the operation. Follow-up examinations were conducted on the readmitted patients. However, the data were still limited in reflecting the actual long-term prognosis.
SAGT occurs in neonatal period, including congenital and acquired. Congenital SAGT can be considered as malformations of gastro-intestinal tract. NEC, sFA and SAGT have the similar clinical manifestations, which sometimes transform into each other (Fig. 1) . Congenital and acquired SAGT may cause intestinal obstruction and, consequently, local infection or inflammation due to damage to the intestinal barrier, resulting in a hypersensitivity to certain specific dietary antigens, manifesting as food allergy. If physicians encounter infants with surgical gastrointestinal disease, including intestinal malrotation, they need to consider food allergy in the differential diagnosis or as a complicating factor 13 . Stricture after NEC is a well-known common complication. After the acute episode of NEC, stricture, which is associated with severe and prolonged morbidity (septicemia, perforation, intestinal obstruction) and morbidity secondary to intestinal stricture, can develop during a variable period irrespective of the mode of management. Food allergy is a hypersensitive reaction to certain specific dietary antigens. Suda et al. 17 reported that 2 neonates with sFA required laparotomy due to secondary NEC. Intestinal edema and injury would be induced when proper avoidance of suspected-food is not practiced, and severe intestinal inflammation might progress to local necrosis and perforation or endogenous infection, mimicking NEC and causing enteral complications such as intestinal stricture and other acquired SAGT. However, the treatments and prognoses of NEC, sFA and SAGT are usually different. Therefore, the investigators attempted to establish predictive models by discriminant analysis and multiple logistic regression analysis. Emesis and diarrhea are both involved as indexes in the two models, suggesting that these may have some clinical significance in the diagnosis. Unfortunately, no statistically significant difference was found in the overall predictive rate of these two models. Thus, no effective approach can be provided for the differential diagnosis at present. Hence, a prospective study is recommended to establish a valuable clinical prediction model.
In summary, for neonates with positive FOBTs, false-positive results should first be excluded. Then, systemic diseases and digestive tract disorders, such as infection, deformity, allergy, stress and injury, should be identified 1, 19 according to the process described in Fig. 2 . NEC, SAGT and sFA were the most common causes of neonatal hematochezia. In newborns, those diseases show the similar clinical manifestations, and can occasionally transform into each other under some conditions. Pickering A et al. 20 have reported that routine fecal occult blood testing does not predict necrotizing enterocolitis. Therefore, although we could not provide an early warning of severe disease though FOBT, and the early intervention for FOBT might not decrease NEC, sFA, structural bowel injuries, or any other complications, the significance of newborn FOBT positivity lies in that, medical staff would be alert to the related diseases including NEC, gastrointestinal malformations and suspected food allergy, with closer observation and follow-up. Based on the combination of the general condition, feeding tolerance, temperature, abdominal signs, CBC, routine stool tests plus FOBTs, and abdominal image examinations, www.nature.com/scientificreports www.nature.com/scientificreports/ clinicians would be able to identify the possible etiology, which is useful for timely modulating in the therapeutic strategy.
Methods
Study setting and patient selection. This study was conducted in the Neonatology Department of the Children's Hospital of Chongqing Medical University. The data were collected from medical records of the Neonatology Department from January 1 to July 31, 2016. The study was approved by the Institutional Review Board of the Children's Hospital of Chongqing Medical University. All methods were performed in accordance with the relevant guidelines and regulations. The data were collected, reviewed, deidentified, and analyzed anonymously by the authors; the ethics committee waived the requirement for informed consent because of the anonymized nature of the data and scientific purpose of the study.
Subjects.
A total of 5,330 neonates were screened. Among them, 1183 neonates were premature including 140 very low birthweight newborns. 330 neonates with positive FOBTs were preliminarily registered in the present study. The incidence rate of FOBT positivity was 6.2%. Two neonates with the incomplete medical records, and 46 neonates who had hematochezia after 28 days or whose GA ≥ 42weeks, were excluded. Thus, a total of 282 neonates were finally enrolled. The stool of individuals was tested at least once, 60 neonates were tested once and the others were tested twice or more. Among these subjects, 90 had a history of grossly visible bloody stools, and the FOBT was performed after the gross bloody stools disappeared.
